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Desain Konseptual sebuah perisai radiasi merupakan salah satu parameter yang harus dipenuhi dalam 
mendesain ruang pemeriksaan, peralatan keperluan diagnostik, termasuk pada ruang pemeriksaan yang 
menggunakan sumber radiasi pengion pesawat sinar-x. Dalam pemanfaatannya harus memperhitungkan 
aspek keselamatan kerja radiasi yang dapat menjamin keamanan dan keselamatan kerja radiasi bagi 
pekerja dan masyarakat sekitar. Pada penelitian ini akan dimodelkan simulasi ruang pemeriksaan pesawat 
sinar-x yang aman sesuai dengan standar Badan Pengawas Tenaga Nuklir (BAPETEN), dan 
mensimulasikan desain ruang pemeriksaan sinar-x yang ada disalah satu rumah sakit  didaerah Salatiga, 
menggunakan software analisis berbasis Monte Carlo (MCNPX) dengan membandingkan perhitungan 
tebal penahan radiasi secara teoritis terhadap tebal penahan di Unit Radiologi dengan material perisai 
beton. Maka untuk operasional pesawat sinar-x di Unit Radiologi berdasarkan survei dilapangan dan hasil 
outpun MCNPX menunjukkan bahwa persyaratan sistem keselamatan kerja radiasi dalam batas aman. 
Hasil pengukuran laju paparan radiasi yang dihasilkan pesawat sinar-x pada faktor penyinaran maksimum 
energi foton 100 KeV dengan kuat arus 650 mA dan tegangan 150 kV menghasilkan energy foton 4,0625 x 
1016 per detik. Dosis yang diterima diluar ruang penyinaran adalah 0,00 mR/jam, yang artinya masih 
dibawah nilai batas dosis  (NBD) ditentukan 5000 mrem/jam. 
 
Kata Kunci : Penahan radiasi, Sinar-x, MCNPX, Dosis Radiasi, NBD. 
 
Abstract 
Conceptual design of a radiation shield is one of the parameters that must be met in the design of the 
examination room, equipment for diagnostic purposes, including on examination rooms that use the x-ray 
ionizing radiation source. In its use should pay attention to aspects of radiation safety that can ensure the 
safety and security of radiation for workers and surrounding communities. This research will be modeled 
the simulation of safe x-ray examination room in accordance with the standards of Nuclear Power 
Supervisory Agency, and simulate design of x-ray examination room of one hospitals in Salatiga area, using 
Monte Carlo based analysis software (MCNPX) by comparing the theoretical radiation retention bending 
calculations to the retaining thickness with concrete shielding material. So for operational x-ray in the 
Radiology unit based on field survey results and MCNPX output indicates that the requirements of the 
radiation safety system are within safe limits. The result of radiation exposure measurements produced by 
x-ray on maximum radiation factor of 100 KeV photon energy with a current strength of 650 mA and a 
ix 
voltage of 150 kV produces photon energy 4,0625 x 1016 per second. The dose received outside the radiation 
chamber is 0.00 mR / hour, which means it is still below the dose limit value (NBD) is determined 5000 
mrem / hour. The dose received outside the radiation space is 0.00 mR / hour, which means it is still below 
the limit value Dose (NBD) determined 5000 mrem / hour. 
 

























Protection against medical exposure is a key issue when applying compliance test obligations 
to x-ray devices for diagnostic radiology and interventions. National Nuclear Energy Supervisory 
Agency (BAPETEN) is currently actively providing guidance regarding the use and permit holder in the 
protection of radiation hazard (Rusmanto, 2014). In Government Regulation no. 33 of 2007 concerning 
the Safety of Radioactive Radiation and Ignition of Radioactive Sources Article 41-43 states that Article 
41 (1) Technical requirements as referred to in Article 4 paragraph (3) letter c shall be fulfilled for each 
Utilization of Nuclear Power in accordance with the magnitude of potential hazard Source used , (2) 
Technical requirements as referred to in paragraph (1) shall include: a. Layered defense system; and b. 
Proven engineering practices. Article 42 (1) The layered defense system as referred to in Article 41 
paragraph (2) letter a shall be applied in the design of safety systems. (2) Provisions on layered defense 
systems for each type of Sources used in the Utilization of Nuclear Power shall be governed by a 
BAPETEN Regulation Head. Article 43 (1) The proven engineering practice as intended in Article 41 
paragraph (2) letter b shall be applied to the Source in accordance with its potential danger. (2) License 
Holder, in the application of proven engineering practice as intended in paragraph (1), shall: a. Taking 
into account other documented requirements, standards and other documented instruments; b. Have the 
support of reliable management to ensure Protection and Radiation Safety during the use of Source; c. 
Incorporating adequate safety tolerance to the design, construction, and operation of the Source; and d. 
Consider the development of relevant technical criteria, relevant research results on Protection and 
Radiation Safety, and lessons learned from experience. In BAPETEN Regulation no. 8 year 2011 article 
1 clause 6 and 39 states Radiological Diagnosis is activity related to Use of facility for diagnosis and 
Radiation Dosage hereinafter called Dose is amount of Radiation contained in Radiation field or amount 
of energy Radiation absorbed or received by material. The x-ray aircraft by the factory is equipped with 
a radiation barrier that also functions as a tube housing. Nevertheless, the possibility of radiation leakage 
still needs to be taken into account. In the case of a single radiation enclosure installed, the leak may 
occur through the gap of the x-ray tube or the gap occurring by the closing shapes (Rigaku Corporation, 
2002). Based on this, the design of the installation room that meets the safety standards is the first step 
that must be met, before the operation of an x-ray plane. The design goal of the installation room is to 
ensure that workers or the general public living around the plant receive less radiation exposure than the 
prevailing dose limits (NBD) (Trikasjono Toto et al, 2007). 
 
1.1 X-RAY RADIATION PROTECTION 
X-ray radiation retainers are categorized into 2 (two) radiation retainers to the source (tube 
housing) and radiation retention in the form of buildings (wall space X-ray plane). The radiation holder 





steel and lead. This material serves as a home or X-ray tube container and must meet the leak test 
standards specified by BAPETEN. Radiation holder in the form of building of space shield of X-ray 
aircraft is determined by the user by taking into account the existing provisions. Conditions to be met 
for designing X-ray tube home construction for medical and nonmedical (industrial radiography) based 
on NCRP (National Committee on Radiation Protection) as follows:  
A. Diagnostic Type 
The source radiation hose for the diagnostic tube is made to reduce the irradiation rate at a distance of 
1 meter from the focus not to exceed 100 mR / h when operated at the current and maximum voltage. 
B. Type of therapy 
The source radiation hose for the therapeutic tube is made to reduce the transmission rate at a distance 
of 1 meter from the focus not exceeding 1000 mR / h and no more than 30,000 mR / h at a distance of 
5 cm from the tube embankment when the tube is operated at the current and the maximum voltage. 
The purpose of this study was to make a safe x-ray examination room in accordance with the 
BAPETEN standard using a Monte Carlo-based radiation analysis software (MCNPX) to acknowledge 




MCNPX is a Monte Carlo-based radiation transfer analysis software that is generally designed 
to simulate the trace of various types of particles with wide range of energy (NEA, 2010). The Monte 
Carlo method is a statistical numerical method for solving problems that are not possible to be solved 
analytically by simulating random numbers. One of the computer programs that use the Monte Carlo 
method is Monte Carlo N-Particle extended (MCNPX). The Monte Carlo program has been widely used 
to simulate neutron measurements with excellent accuracy. (BATAN, 2016) 
The MCNPX 2.6.0 series has incorporated several new capabilities especially for transmutation analysis, 
burn up and delayed particle production. Several tally (calculation modes) and new methods of variation 
reduction have also been developed for better data analysis techniques and their use as well for nuclear 
safety analysis, material detection and for medical physics primarily therapies using protons and 
neutrons. (Carey et al, 2011) 
 
1.3 X-RAY 
The x-rays are produced from an x-ray tube, which is a device for generating free electrons, 






Figure 1. X-Ray Aircraft Tubes (Maryanto et al, 2008) 
 
In the collision process, will produce continuous x-rays (bremstrahlung) and x-raycharacteristics. Two 
interactions that produce two types of X-rays are: 
1. X-rays are generated due to the rapid deceleration of electron beams in the magnetic field of an 
anode atom called a continuous x-ray or x-ray bremstrahlung having a continuous spectrum. 
2. X-rays are generated due to the transition of electrons from high orbits into low orbits of the 
anode atom. This electron transition occurs due to electron vacuum after being pounded by high-
speed electrons. This ray is called the x-ray photon characteristic as in the picture. 
 
Figure 2. Characteristics of X-ray Photon Interaction (Bushong, 2008) 
 
According to (Bushong, 2008) says that x-ray photons are generated when high-speed electrons 
coming from the cathode mask the target at the anode. The electrons of this cathode come from filament 
heating, so that in this filament will form an electron cloud. Given the considerable difference between 
the positively charged anode and the negatively charged cathode, the electrons from the cathode will 
move rapidly toward the anode when high voltage is applied. The electron will hit the target field and 
produce x-ray photons as much as 1% and 99% heat energy. In the collision process will produce x-ray 
characteristics and continuous x-rays. Characteristic interactions occur when the electron projectiles and 






released from deeper orbits, these events lead to an electron transition and an energy release known as 
characteristic x-ray photons.  
 The provisions that must be obeyed by radiation workers related to safety. Radiation safety is 
an effort that must be made to achieve a safe state so that the dose of ionizing radiation that concerns 
humans and the environment does not exceed the specified limit value or NBD. When it goes beyond 
NBD it will cause a bad effect of ionizing radiation (Sastrodiharjo, 1985). The immediate effect of 
radiation is called the Deterministic effect, this effect occurs only when the radiation dose exceeds a 
certain limit or is often called the threshold dose. This effect can also occur in the long term after 
exposure to radiation, and is generally not fatal. While the indirect effect of radiation is seen is called 
the Stochastic effect. This effect is unlikely to occur, but the probability of occurrence will be even 





This research was carried out in Radiology Installation of one of Salatiga hospital area in 
December 2015-January 2016. The Radiology Installation Plan used in Figure 3 is circled in red. The 
source used is the x-ray plane brand Bucky Diagnostic with brand of Philips Optimus tube. Collimators, 
diaphragms, indicator lights work well, voltage difference 150 kV, current 650 mA and 2.5 mm Al 
filtration. Modeling and simulation Installation Radiology will use MCNPX software that is generally 
designed for the purpose of simulating the traces of various types of particles with a wide range of 
energy (Pelowitz, 2008).  
2.2 Instrument 
The material used for each material in this study is in accordance with the "Compilation of 
Material Composition Data for Radiation Transport Modeling, Rev 1" which is a summary of material 
composition and density for the use of radiation transport simulations (McConn, 2011). 
 






Figure 3. Installation Plan of Radiology unit in Salatiga area, simulation target is given a red 
circle. 
 
The construction of the building wall for the irradiation space is a radiation holder so it must be 
planned in its construction. The radiation shield / radiation requirements for the radiology room are 
determined by the type of equipment and radiation energy employed. For scratch radiation barrels, 15 
cm diameter stoned concrete is required, and for wooden doors including the frame should be covered 
with 2 mm thick lead, and equipped with radiation hazard warning and air regulation system as needed 
(DEPKES RI, 1999). 
 
3. Results 
The radiation shield calculation using MCNPX is done through three stages of creating input 
files, running the program with the computer, and analyzing the MCNPX output. In making the input 
MCNPX required three modeling, namely space geometry and shield, radiation source, and dose rate 
model. (Rasito et al., 2016). 







Figure 4. Geometry of Examination Room 
 
The shield material to be simulated is concrete (McCann, 2011). The composition of atoms of 
the concrete species to be simulated is shown in Table 1. Ball A shows the material containing air with 
energy of 0.1 MeV, ball B contains a water material and ball C contains aerial material, which will see 
the dose values absorbed from each material. Simulations performed at thickness of 10 cm to 20 cm to 
1 cm were obtained by a certain thickness which gave the dose rate in shield 0.00 mrem / hour and 
showed the dose for 100% workers well below the established NBD (BAPETEN, 2014). 
 










Figure 5. The output of the outgoing radiation (red dots) at (a) and (b) of the MCNPX shows the 
radiation coming out from the collector's point (point). 
 
 
Base on figure 5 shows the source of the collimator made in the form of a point in cell 3, cell 4, 
cell 6 indicating the area to be considered with the material used is concrete, while the 6 area cells are 
viewed outside the box or the outer environment with air or oxygen material (O2). The simulation is 
done for seven hundred million times the calculation (nps = 100000000). The data obtained pass the test 
ten statistical checks on the results of running programs. The output of a photon particle with 100 KeV 
energy from the source is not exceeding the NBD specified by BAPETEN for the x-ray inspection room, 
the scattering of the red dots does not pass through the shield so that for the radiology examination room 
with a maximum energy of 100 KeV is considered within safe limits. 
4. Discussion 
The current strength used is 650 mA and the voltage is 150 kV so as to find the number of 
electrons generated with each second using the equation; 




6,5 𝑥 10𝑒−1 𝐴
1,6 𝑥 10𝑒−19 𝐶









Figure 6. Shows the energy of the pounding particles (MeV) on the x-axis and the cross-sectional on 




Based on the above graph and the survey results data in the field of x-ray examination space 
obtained:  
The thickness of the radiation-retaining wall in the Radiological Unit constructed of concrete material 
meets the radiation safety requirements for both radiation workers and the general public. The result of 
the maximum thickness of theoretical radiation retention for the design of the room with a concrete 





 x 4,0625 x 1018 
= 1x10-2 x 4,0625x1018 (2) 
= 4,0625x1016 
From the measurement of the radiation dose outside the entire radiation retaining wall is 0.00 
mrem at the time of irradiation. The result of the research shows that the measurement of the radiation 
exposure of X-ray aircraft in the maximum operational conditions based on equations (1) and (2) is 150 
kV and 650 mA produces photon energy 4,0625 x 1016 per second. This is because the X-ray plane for 
service at the Radiology Unit operates at a current of 650 mA which affects the intensity or quantity of 
radiation, while the measurement outside the radiation space is 0.00.  
To minimize the radiation effects caused by X-rays in patients which is one of the 





that is not done X-ray irradiation so that the X-rays are irradiated areas needed for the doctor's diagnosis. 
The rate of radiation dose received by radiation workers and the general public around the Radiological 
Unit is (0.00 mR / hr) away from the required NBD, meaning that the installation can be declared safe. 
In general it can be stated that hospital managers are very concerned with the safety of the 
community about the dangers of radiation. The construction of the radiology unit building should pay 
attention to the quality of the material for radiation retention. In addition, radiation workers should 
always use radiation protection equipment to be always controlled for radiation received by radiation 
workers. The average dose received by radiation workers (119.5 mrem / yr). Compared with the NBD 
stipulated in the decree of the Head of the Nuclear Power Supervisory Agency number 01 / Ka-Bapeten 
/ V-99 well below 5000 mrem / yr or 50 mSv / yr. The result of One-Sample T Test statistic shows with 
significant value 100% that radiation dosage is far below the determined NBD, so it can be stated that 
service using X-ray plane in Radiology Unit is safe for radiation workers and the surrounding 
community. 
5. Conclusions 
Radiological unit based on field survey and result of research and discussion, it can be concluded 
that the rate of radiation exposure generated by the X-ray plane in the maximum operational kV of 150 
kV and 650 mA produces 4,0625 x 10-18 / sec photon energy or based on the output at MCNPX 
produced 0.1 MeV. The measurement result of dose rate received by workers and society outside the 
radiation room is 0.00 mR / hr. The average dose of radiation workers from 2000 to 2007 was 119.5 
mrem / year compared with the predetermined NBD, still well below the 100% significance value for 
radiation workers and the surrounding environment. 
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